The visual system is a potential target for methylmercury (MeHg) intoxication. Nevertheless, there are few studies about the cellular mechanisms of toxicity induced by MeHg in retinal cells. Various reports have indicated a critical role for nitric oxide synthase (NOS) activation in modulating MeHg neurotoxicity in cerebellar and cortical regions. The aim of the present study is to describe the effects of MeHg on cell viability and NOS activation in chick retinal cell cultures. For this purpose, primary cultures were prepared from 7-dayold chick embryos: retinas were aseptically dissected and dissociated and cells were grown at 37ºC for 7-8 days. Cultures were exposed to MeHg (10 µM, 100 µM, and 1 mM) for 2, 4, and 6 h. Cell viability was measured by MTT method and NOS activity by monitoring the conversion of L- [H 3 ]-arginine to L-[H 3 ]-citrulline. The incubation of cultured retina cells with 10 and 100 µM MeHg promoted an increase of NOS activity compared to control (P < 0.05). Maximum values (P < 0.05) were reached after 4 h of MeHg incubation: increases of 81.6 ± 5.3 and 91.3 ± 3.7%, respectively (data are reported as mean ± SEM for 4 replicates). MeHg also promoted a concentration-and timedependent decrease in cell viability, with the highest toxicity (a reduction of about 80% in cell viability) being observed at the concentration of 1 mM and after 4-6 h of incubation. The present study demonstrates for the first time the modulation of MeHg neurotoxicity in retinal cells by the nitrergic system. 
• Methylmercury • Chick retinal cell culture • Nitric oxide synthase • Cell viability • Neurotoxicity Methylmercury (MeHg) is an environmental pollutant with neurotoxic action (1) . Many studies have demonstrated that the motor and visual systems are potentially affected in cases of MeHg intoxication (2) .
Rodents intoxicated with MeHg exhibited cell damage in cerebellar and cortical regions; nevertheless, the molecular mechanisms activated by MeHg exposure in these regions are not understood. Various studies using in vivo and in vitro models have indicated an important role for the nitrergic sys-tem in the cytotoxicity induced by MeHg in cortex and cerebellum (3, 4) . Activation of the nitrergic system leads to the generation of nitric oxide (NO) that has multiple roles in the brain. NO is considered to be an unusual neurotransmitter, a regulatory factor in the cerebral circulation and a neurotoxin when overproduced (5) . NO is synthesized from L-arginine by nitric oxide synthase (NOS) activation. NOS enzyme can be expressed as three isoforms: neuronal (NOS-1), inducible (NOS-2) and endothelial (NOS-3). All of these isoforms reduce nitroblue tetrazolium to formazan in an NADPH-dependent process involving NADPH-diaphorase activity (6, 7) .
Although the cerebellum and cortex are the best-characterized targets of MeHg toxicity in both humans and rodents, some studies have demonstrated that retinal cells are also vulnerable to MeHg damage (8) . However, the mechanisms of neurotoxicity induced by MeHg in these cells are poorly understood. The aim of the present study was to evaluate the effect of MeHg on NOS activity in retinal cells, as well as to correlate this activation with MeHg neurotoxicity.
For this purpose, primary chick retinal cell cultures were prepared from 7-day-old chick embryos as described previously (9) . Briefly, retinas were aseptically dissected and tissue was treated with 0.05% trypsin saline solution. Dissociated cells were maintained in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum, 100 U/mL penicillin, 100 µg/mL streptomycin, and 500 µg/mL glutamine. About 5 x 10 6 retinal cells were grown in 35-mm culture dishes for 7-8 days in a 5% CO 2 atmosphere. The cultures were exposed to MeHg (10 µM, 100 µM, and 1 mM) diluted in serum-free DMEM for 2, 4, and 6 h.
Cell viability in retinal cell cultures was measured by the method of Mosman (10) . Active mitochondria of viable cells reduce the colorless tetrazolium salt MTT, forming dark blue insoluble formazan crystals. Control and MeHg-treated cells were washed twice with PBS and incubated for 3 h with 55 µL of an MTT stock solution (5 mg/mL). Formazan crystal formation was measured at 570 nm with a spectrophotometer and cell viability is reported as percent MTT reduction compared to control values. MeHg neurotoxicity was evaluated by the decrease in cell viability.
MeHg induced neurotoxic effects on retinal cells in a concentration-and time-dependent manner (Table 1) . Retinal cell cultures exposed for 2 h to 10 and 100 µM MeHg did not show significant changes in cell viability. Longer incubation times (4 and 6 h) reduced cell viability by 32 and 49% for 10 µM MeHg, respectively, and by 59 and 66% for 100 µM MeHg. Incubation with 1 mM MeHg caused intense toxicity at all exposure periods, provoking the highest rates of cell death (Table 1) , with 72, 88, and 89% of cells dying after 2, 4, and 6 h of incubation, respectively.
NOS activity was measured by monitoring the conversion of L- [H 3 ]-arginine to L-[H 3 ]-citrulline (11) . Control and treated retinal cell cultures were homogenized in HEPES Two hours of intoxication with 10 and 100 µM MeHg did not induce significant changes in NOS activity (Table 1) . However, NOS activity increased by 82 and 91% after 4 h of exposure to 10 and 100 µM MeHg, respectively. Similarly, a longer exposure period (6 h) to these MeHg concentrations resulted in an increase of approximately 41% in NOS activity. Therefore, maximum induction occurred after 4 h of incubation with MeHg.
The increase in NOS activity in chick retinal cell cultures after MeHg intoxication was similar to that observed in cortical and cerebellar regions of rodents intoxicated with this metal (3, 4) . The exact pathway of NOS activation evoked by MeHg toxicity is not known, but may involve an increase of extracellular concentration (12) and subsequent stimulation of NMDA receptors (13) , an increase of intracellular calcium levels with binding to calmodulin, and final activation of NOS (14, 15) .
To evaluate the role of the nitrergic system in the toxicity induced by MeHg, a cotreatment with 3 mM L-nitro-arginine (L-NARG), an inhibitor of NOS activity, was performed in retinal cell cultures (Table 2) . In these cultures, L-NARG exerted protective effects against the neurotoxic effects of 10 and 100 µM MeHg at the 4-h time point, preventing the death of 22 and 30% of cells, respectively. However, the protective effect of L-NARG was not evident after 6 h of MeHg exposure.
Interestingly, in cultured retinal cells, 6 h of exposure to 10 µM MeHg reduced cell viability by approximately 50%, while in a previous study using cortical cell cultures this reduction in cell viability by the same MeHg concentration was observed only after 24 h of incubation (16) . These results suggest that retinal cell cultures are more sensitive than cortical cultures to MeHg toxicity.
Since co-treatment with L-NARG protected against MeHg toxicity only at the 4-h time point, the NO produced by the retinal cells may be responsible for MeHg-mediated neurotoxicity only during the early stages of intoxication. For longer periods of intoxication, NOS activation by MeHg was lower but L-NARG was not able to protect against MeHg neurotoxicity. Therefore, other events such as increased intracellular calcium levels or decreased glutathione (GSH) levels that have been already shown to occur in other tissues (17) could be responsible for neurotoxicity to retinal cells after prolonged periods of intoxication.
The present study is the first, to our knowl- edge, to show the modulation of MeHg neurotoxicity by the nitrergic system in retinal cells.
